Scholars' Mine
Professional Degree Theses

Student Theses and Dissertations

1903

Drainage of mines
William Melvin Weigel

Follow this and additional works at: https://scholarsmine.mst.edu/professional_theses
Part of the Mining Engineering Commons

Department:
Recommended Citation
Weigel, William Melvin, "Drainage of mines" (1903). Professional Degree Theses. 25.
https://scholarsmine.mst.edu/professional_theses/25

This Thesis - Open Access is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Professional Degree Theses by an authorized administrator of Scholars' Mine. This work is protected
by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the permission of the
copyright holder. For more information, please contact scholarsmine@mst.edu.

IP
M
N
M
Ii
Xy
v.V:,,
48:S t A n * W « J v w O •’iV.'i‘ri^AlX^o\Vt•VlV v1i •''•Cl* %>•*‘*,;vV%*vV*^v?«.*

Drainage of Mines
W. M. Weigel.

W. M. Weigel
Drainage of Mines.
Before going into the means employed for
unwatering a mine, let us consider:—
I. The causes of Occurrence of water in Mines.
The drainage of a mine is one of the
operations, which, without contributing directly
to the output is indispensible in carrying on the
work.
By drainage we designate not only the means
employed (of getting rid of what inevitably finds
its way into the workings) for preventing the
influx of water into the workings, but
also the means employed of getting rid of
what inevitably finds its way into the workings
in greater or less quantity.
The water in the mine obtains entrance
in various ways.
Sometimes it merely filters down
through the pores in the rock; especially in the case
of alluvia, sand, more or less compact
sandstone, and all pure sedimentary rocks,
except clays, which have not been
subjected to subsequent chemical or
metamorphic action.
Sometimes the inflow of water is due to
fissures caused by contraction or shrinkage

2.
after deposition; or by faulting of the area
under consideration; or to subsidences, or
cracks caused by the workings themselves
The quantity of water which tends to find
infiltrate into a mine and the quantity
which actually finds its way in, vary within
very wide limits.
In sinking shafts cases are cited where
water bearing strata could not be pierced, for
the shaft was too small to contain pumps
enough to control the water or springs met with:
while in some cases, water has to be sent down
the shaft, to put in the drill holes.
A rough estimate of the quantity of
water liable to be met with can usually
be made by a study of the contour of the
ground, nature of the country rock, water
courses, and by experience in the same
locality, if other mines have already been
put down.
This estimate will fall short if we
unexpectedly happen upon some very porous
bed, which outcrops where water can soak
into it, or upon a large and open fault.
These causes might let in water having
its source at a long distance away, which

a local survey would not have included.
Any circumstance, such as artesian wells,
in the vicinity, or strong flowing springs
should be taken as an indication that
difficulties with pumping would be met with
in sinking a shaft.
Hence water bearing strata of rocks should
be avoided as much as possible. When this
is impossible on account of their extent or
other causes, the sinking of the shaft is possible
but will be very difficult & costly.
For fe working minerals under these
conditions,—that is where the mineral underlies
water bearing strata of such supply that it is
impossible to remove by pumping, - three
conditions must be fulfilled.
1st. The lining of the shaft must be water-tight
for its entire length and at the base.
2nd. The position of the seams or veins
must be such that they can be properly
isolated from the water-bearing strata.
3rd. They must remain so, even after
subsidences due to working have taken
place.
This would be the case if beds under
water-bearing strata were impermeable

and of such formation that small subsidences
would be not produce open clean fractures.
Beds of clay are excellent for this purpose, or
other formations where cracks formed will
gradually fill up, instead of increase in size.
When the inflow is derived from faults
that have been cut into, the conditions are
totally different. In this case, no water
will enter the mine unless the workings actually
pierce the fault or approach it very closely.
If the fault crops out under the bed of a stream
or where water can easily find its way into
it, as along the bottom of a valley, the inflow
of water may be so great as to cause the
mine to be abandoned altogether, unless
it can be cut off by some of the means
to be discussed.
Sometimes faults give off no water of any
consequence and are sometimes entirely dry.
A fault often acts as a large reservoir,
for water from minor cracks, and fissures
which flow into it.
The effect of cutting a fault of this kind
would be the same as a sudden large extension
of the workings.
Hence we may expect to meet water, in all

places where the deposits are of the nature of lodes.
The influxes resulting from disturbances of
overhead water sheets, or cutting underground water
courses are rare. The usual case is where the
water finds its way into the mine, all over
the exposed surface, filtering in through the
thousands of little cracks & crevasses in the walls
without appearing anywhere in notable quantities.
This water is stagnant, and its pressure at any
point is that which would be given by the
ordinary rules of hydrostatics before the workings
are commenced. It continues to flow because
its place is constantly taken by infiltration
from the surface.
Thus in general we have summed up
the manner in which water finds its way
into the mine.
It is evident that the surface exposed to
percolation increases with the extent of workings,
and that the hydrostatic pressure increases
with the depth. But it is not true that the
quantity of water to be pumped is
proportional to the surface and square root of the
depth. If this were true, any appreciable
amount of water met with in sinking a
shaft would indicate insurmountable obstacles

at greater depths.
It is easy to see that there is a definite
maximum to the amount of water which
would enter; for the crevices and orifices cannot
give out more water than they receive.
When the surfaces are exposed to atmospheric
pressure the water soon attains a regularity of
flow. Under these conditions the water finds great
difficulty in moving along the little subterranean
channels on account of their changing form and
irregularity. The pressure is therefore not transmitted
uniformly from point to point, and in the
near vicinity of the workings, it is the pressure
of the atmosphere which tends to set itself up
in the fissures and not that of the column of water.
Under these conditions the inflow ceases to
bear any relation to the hydrostatic pressure
but depends almost entirely on the porousity
of the rock. Hence the quantity of water which
enters the mine increases very slowly with an
increase of surface laid bare, and is
practically independent of the depth. In fact
the influx into a given extent of workings at
a certain level e f will be less than into the
same extent of workings above that level.
For a fixed state of the workings the

quantity does not increase with an increase of
time, unless subsidences caused by the
mining operations are produced.
Methods Aimed to Prevent entrance of water to the Mine.
From what we have just considered it
is possible to divide the water which enters the
mine into two parts.
1st. The normal influx due to percolation
of water from surrounding rocks.
2nd. The accidental influx due to
percolation cutting of subterranean streams
or watery faults or fractures due to subsidences.
By taking proper means, both above and
below ground, both these sources can be cut off
to a large extent.
The precautions taken at the surface are
necessarily incomplete, as they can only be
applied at certain points; while percolation
is going on all over the surface. Beds of
streams, marshes, ponds, valleys with thick
alluvial deposits, or so called “dry valleys,” should
receive particular attention. The outcrop of a
vein may often serve as an entrance for
water: In order to prevent this drains should
be dug on the higher side to intercept and

carry off any water flowing lower from above.
This is either carried beyond the outcrop or conveyed
across in a launder and emptied at a sufficient
distance beyond.
Pits or old shafts near the outcrop should be filled
up or else encircled by a trench so that they
will not form a sump for the surface water.
If it is at all probable that cracks might
be formed leading up to the bed of a stream, its
course should be turned permanently, or else
temporarily and its bed made firm and
water tight artificially.
If the stream is narrow and dries up at
times the sand and gravel may be removed
to bed rock, and any cracks produced or
places where they are liable, may be puddled
with clay, and the land and gravel replaced,
forming a smooth bed. Or in some cases
it may even pay to build an artificial bed
of masonry for the stream to run in; this of
course would be cracked by any subsequent
dislocation, but would be easily repaired
compared to cracks formed in the bed rock itself.
A wooden flume might be built
instead; it costs less, but is less durable,
although less liable to injury, by any

surface dislocations.
Of course such a bed can only be made
to handle the water during low water, or when
the stream is at average height, and could not in
practice be made large enough for floods.
It is generally observed that after a rainy
season or after a flood the amount of water to be
pumped increases, although sometimes as much
as a month may elapse before the increase
is noticed. So in making estimates on
pumping machinery, provision should be made to
handle the maximum amount of water liable
to be met with.
These are about all the precautions which
can be taken at the surface; although few
and simple, in some instances it would be even
be impossible to work a mine if these
were not taken.
Underground all precautions possible
should be taken to prevent dislocations reaching
to the surface. These arrangements do not
always insure success; and it may be said
that this question is little understood; and
sometimes the recourses adopted produce exactly
the opposite effect to what was expected.
It is generally known however that the

fractures, in sedimentary rocks at least, take place
along planes perpendicular to the stratification,
or bedding, especially where the dip is not excessive
and limiting the area of the workings.
This gives an explanation of the fact that in
working on a dipping vein or seam, the
dislocations do not show vertically above the
area worked but often at a considerable distance.
Care must be taken to confine the subsidences,
and particularly the dislocations at the edges of
the subsiding area, to places where there is
no danger of letting down water.
In seams worked with stowing the only
precautions necessary to prevent the percolation
of water from the surface or water-bearing strata,
are to arrange so that the cracks, which
are an inevitable sequence of the workings
shall be formed in places determined before hand.
In seams worked by pillars with fall of roof,
it will be necessary to “stow” in any exceptional
places, where the fall might lead to irregular
subsidences at the surface or in the water-bearing
strata. A pillar left in the middle of
the workings, for protecting the bed of a stream
or some building, often fails to accomplish its
object and may even be injurious.

If too narrow, it is simply crushed and does neither
harm nor good.
Besides the means taken to keep water from
entering the mine, precautions must be taken
to keep back what has already found its way
in, so as to hinder it from flowing into
the workings in progress. A continuous
pillar may in some cases be left between
the present workings and old abandoned
workings full of water. These underground
reservoirs, due to stopping up of old workings
are however a continuous source of danger and
if possible it is best to drain them. In
approaching them it is required by law in
some states that bore holes 30 to 50 ft. deep
be kept in advance of the working force to
guard against accidents.
In cutting a wet water course it may
be walled and plastered up, and in the
case of old workings a brick or masonry
bulk head, arched towards the water is
often built across the entrance. To prevent
injury from accumulated water a pipe may
be built into the dam at top and bottom, and
these opened or plugged as desired.
Tubbing serves a different purpose. It

keeps out the water by stopping it at points
where it would otherwise flow in. It is
usually employed in pits sunk through water
bearing strata; or it may be used in a
gallery cutting a water-bearing fault. Instead
of this it often becomes necessary to put in water
tight partitions to cut off water which is
already running into the mine.
These whether placed in shaft or level are
called dams, and are the same as the bulkheads
spoken of before. They must be made as
impermeable as possible, and firm enough to
resist the pressure brought to bear upon them.
The mode of putting them in varies with the
circumstances, and depends on the firmness of
the rock & dimensions of the opening. They
are sometimes built of timber. Masonry dams have
the disadvantage of being liable to injury
from dislocations or subsidences.

Drainage or unwatering of the Mine
The water that inevitably enters the mine
must be got rid of by the same means. And this is
accomplished by several methods according to
circumstances. The drainage must of course
keep pace with the inflow.
The methods employed depend a good deal on
the amount of water and the relative position of
the workings and contour of the surface.
If all the workings, or a good part of them,
are above some point on the surface within
practical distance, the natural method would
be to drive a tunnel or cross-cut from this
point and drain the mine by this means. It
should have just sufficient gradient to
make the water flow off readily. The
economy and value of this method of
drainage is easily seen. Because once in
operation the cost of repairs is slight and
power required is nothing.
If the quantity of water delivered by the
tunnel is large and if located in a hilly
country the water may be utilized as
motive power by carrying it to a sufficient
distance.
These and many other points afford ample

justification of the immense works that have been
executed in certain mining districts, especially in Germany
and in this country.
An idea of the expenditure of power saved
by this means may be had by a knowledge of the
fact that in some of the mines of Peru as
much as 4000 gal. of water are raised per ton
of coal, and in Colorado in some instances, 40 tons
of water are raised per ton of Ore. And in
some special cases much larger amounts.
There are numerous cases of where tunnels
have been driven 10 miles or more for drainage,
and where the amount of water is so great that
the tunnels are used as canals for transportation
of the ore.
Of course such a means of drainage would
be out of the question unless the extent of area
drained was very large, and depth considerable.
A long tunnel below the lowest exploration, in
any given district, drains considerable territory
and would dispense with the heavy cost of
numerous individual plants for pumping.
From this it is evident that adit-levels or
tunnels have a very considerable advantage
from a technical as well as from an
economical point of view.

In many instances mines could not be worked at all,
except by recourse to this means.
In the Comstock Lode District, where the
amount of water met with was unusually great,
and where underground reservoirs or pockets of water
were often encountered, many mines could not have
been worked except by this method, in their early
days. The famous Lutro tunnel in this
district is a well known example.
The first condition for their success is
naturally the suitability of the surface contour. The
mine must be in a district hilly enough to
allow the mouth of the tunnel to be below any
part of the underground workings or places where
reservoirs of water can be formed, into which
the water from a lower level can be pumped.
The cost of putting in and maintaining a
pumping plant, compared to that of the cost of
tunnel, must be taken into consideration as also
the value of the tunnel as a means of water
power or supply for ore concentration, or other uses.
If it is concluded best to drive a tunnel, the
work should be pushed forward with all possible
haste: as of course the outlay of capital does not
begin to be profitable until the work is finished.
The tunnel should be started from both ends,

and if long from intermediate points by sinking shafts.
These tunnels are usually about the same width as
cross-cuts, 6 to 7 ft. wide, and should be
high enough to allow of boards being fixed above
the water for a passage way, or tramway. The
gradient may be even less than 1 in 1000.
Where any of the workings are below the level of
the tunnel or are liable to become so, care must
be taken to have the channel of the tunnel
water-tight, other-wise water passing down
through some crevice or permeable stratum
may have to be pumped, over and over again.
To prevent leakage of this kind, tunnels, or in this
case adits, that are driven along the course of a
deposit, should be carried into the foot-wall
rather than the hanging wall side. At least part
of the adit should be in the foot wall, where it
is not liable to be shaken by the workings.
Where the tunnel is a cross-cut, preference
should be given to the foot-wall side, if the
drivage can be made from either direction, but
usually the contour of the surface will
determine the point from which it is to be driven.
In places where the tunnel is liable to be
disturbed by working, it may be lined entirely
with masonry, with piers, and an invert. Even

when these are not necessary for the supporting of the
ground, masonry may be used. Any cracks
which appear in the masonry should be stopped
up at once. In crossing a deposit which has
been worked close by a lower level, the water
should be carried across in a wooden launder,
which should be suspended in such a manner
as to be affected as little as possible by any
dislocations.
Drainage by levels or tunnels are much
more used in working mineral veins than
coal seams. This is the case for several reasons.
1st Mineral veins are usually situated in more
hilly districts than coal mines, and hence the contour
of the surface is more favored to their laying
out.
2nd Metalliferous mines are usually much more
burdened with routes for a given extent of
workings than coal mines. The reason for
this is very evident. Coal seams are usually
found underlying beds of shale or clay
little permeable to water. While in a metal
mine the case is different. A long and more
or less permeable outcropt, usually renders
infiltration into the lode an easy matter, and
the vein matter itself is often evidence

of the case with which water could penetrate it in
by-gone days; and it is not unnatural to infer
that this property has not entirely been lost. Also
3rd Metal mines cannot employ steam so easily
and cheaply as coal mines, for in but comparatively
few instances fuel is high prices and scarce.
This explains why we must go to metaliffe
metalliferous districts if we wish to find
instances of drainage by levels, on the largest
scale.
In stratified regions it may sometimes be
feasible to drill a hole from the bottom of
the sump down to some permeable
strata and let the water pass off in this
way; but the capacity of this method, it seems
would be small and limited.
Drainage by Mechanical Means.
In spite of all precautions taken it is
impossible to prevent some water from
finding its way into the mine. And
even where a tunnel is employed, unless
its level is below all the workings it
becomes necessary to pump the water
from below up to its level. And it then
becomes necessary to drain of all water

from the mine which can not naturally be gotten
rid of.
In principle all the workings should be
arranged to drain naturally into the pumping
shaft, or sump, or into the reservoir at one
of the pumping stations. As the grade of
the gallery is usually arranged to
facilitate tramming, a ready flow is
secured, and a gutter at the side of the
tramway is usually sufficient to accomplish
the purpose and keep the gallery dry. But
it is sometimes necessary to depart from
this. Thus if a cross-cut is being
pushed out from the shaft to meet the
galleries from a neighboring shaft, one
must be uphill and the other down hill to
have the proper grade for tramming. Or
also a heading for bringing in air
to a badly ventilated part of a mine
troubled with fire damp, will be much
more easily driven down-wards than
upwards.
In some cases the situation of a part
of the deposit, may make artificial means
of drainage necessary.
Again a gallery driven up the

rise of a seam, or meeting successively with
saddles and troughs, may come to places
beyond which the seam may dip down away from it.
For these special cases temporary appliances
are used. Where there is a long drivage with
small down hill gradient, the water may be got
rid of by bailing from a prepared sink into a
launder box, sloping in the opposite direction, to
the level, from which it runs into a next
higher basin etc. until it can run into the
shaft.
If the place to be drained is separated by a
narrow barrier from the rest of the workings a
siphon may be employed. The two ends should
be provided with valves worked by floats, so
arranged as to close the valves before the water
sinks below the ends of the pipe; by this means
it always remains charged and works
automatically.
In some cases hand pumps may be
used as a temporary measure. The could be made on
the spot by any carpenter. At present iron pumps
are usually employed as they are very cheap.
Where power is available, and the water very
muddy or gritty, rotary pumps may be
employed with success.

After the water has reached the sump, or pumping
Shaft, it may be raised to the surface by several
means. At the Comstock mines, a hydraulic ram
has been installed by which 1800 gal. per min. are
pumped from the 2600 ft. level to the 1600 ft. level, to
the Lutro Tunnel. The air pressure in the
accumulator is 960 lbs. per sq. in. and the
pipes at the bottom sustain a pressure of 2000 lbs.
per sq. in.
Small volumes of water may be handled
by buckets, they are built in sizes up to 200 gal.
capacity. In the bottom is a valve working
inwards, by which the bucket fills or it sinks
into the sump; as it is raised the valve
closes, and at the mouth of the shaft, is
opened by being lowered on a pin, which
opens the valve. This bucket may be attached
underneath the cage and travel continuously with
it.
In some instances bailing tanks,
holding from 500 to 1000 gal. and hoisted
by a separate drum have been used with
success.
If more water accumulates in the mine
than can be handled by these methods, special
machinery must be installed. And this is

invariably one of two kinds.
1st The Single acting lift pump.
2nd The force pump. Single or double acting.
The motive power for these is usually steam, but
in many cases compressed air is used, and also
electricity, and wind-mills have been tried, but
do not seem to have met with much success
as their rate of working is not to be relied upon.
For pumps situated at the surface steam
is usually employed; but for underground
work, compressed air is rapidly coming into
practice, as the loss of power by condensation
where steam is used is considerable: as an
exposed pipe 4” in diameter, and 86 ft. long
carrying steam under pressure, loses 1 [HP], Even
where the pipe is covered there is a loss of 1 [HP]
per 284 feet. Where compressed air is
used the exhaust goes that much toward the
ventilation of the mine, and there is also less
danger in case of accident, such as the
bursting of a pipe than when steam is used.
At the Anaconda Mines in Montana, all
the mines, which are connected underground,
pump their water to a central station, at the
1000 ft. level in the Lawrence Mine. From
here it is raised to the surface by one large

pump; Compressed air is the motive power used for
all the pumps.
Electricity is used, where it would be
difficult, or impossible to transmit steam or
compressed air, by piping, or where space is
to be economized.
In the Gover Mine, Amador Co. Cal. two
triple plunger Daw pumps, are used, and
are run by Sprague motors at 220 volts.
The 1st Generating 20 [HP] with 6” plungers
raises 12 14 miners inches (about 18 cu ft per min)
341 ft vertically. The 2nd generating 15 [HP]
with 5” plungers, raises 11 miners inches (16.5 cu. ft.
per min) 208 ft vertically. The larger machine
is run at 1000 revol. per min. and the smaller
at 1250. The wires in the shaft cause no
trouble, timbering being done without stopping
the pumps.
The motors are connected to the pumps by
gearing. At the time spoken of, they had
been in operation 3 !4 years, and had required
very little repairs; and had raised in that
time, 50 000 000 gal. of water.
A heavy coat of Paraffin paint is
used to protect them against dampness.

In regard to the pumps themselves, for a
vertical lift, not exceeding 300 ft. the single
acting lift pump is favored, on account of its
simplicity, and low 1st cost
The plunger rod, usually of wood, works
inside the pipe, and terminates in a piston
in the bottom length of pipe or working barrel.
The piston sucks up the water from the
sump, which is elevated by the next up
stroke into the stand pipe. The stand pipe
raises from 10” to 20” in diameter and
is of sufficient strength to stand the pressure
of the columns of water. Spirally inverted
pipe of wrought iron or steel are usually
used.
If the water is corrosive, gun metal is
used, and in some special cases, wooden
pipes had to be employed on account
of the extreme chemical action of the water.
The working barrel is a section of
pipe about 12ft. long and should be thick
to allow of boring out several times.
The details of construction of the valve
and piston plunger are more a subject
for the manufacturers than the mine
engineer and will not be discussed.

Below the working barrel is a length of
pipe or preferably hose, with a nozzle
strainer attached at the bottom dipping into
the sump.
The working barrel should not be over 28’ above
level of sump water, and at an elevation of 10 000.
ft. can only be 18’. The pump rod is
usually of wood; 4” x 5”, squared and stopped
with iron.
The power is transmitted to the pump rod
by one of two methods.
1st By being attached directly to piston
rod of a vertical steam cylinder set over the
mouth of the shaft, or
2nd By a triangular walking beam. One
vertex attached to the pump rod, one
carrying a counterpoint and the apex to a
pitman, a connecting rod, propelled by
cog gearing of a horizontal engine. The
gearing is built to give from 15 to 20
stokes per min. to the rod.
The vertical cylinder has less first cost
and less loss in friction, but has the disadvantage
of covering a large portion of the shaft mouth,
which is a considerable item when the
same shaft is used for hoisting purposes.

Complications also arise when the pipe is
to be lengthened or repaired.
Water under head is sometimes used in
these pumps as a motive force. In one case
with a pressure of 57 lbs, and cylinder 50” x 120”
5000 gal. per min. were raised 132 ft. by a
42” plunger.
A force pump differs from a lift
pump in that the rod works outside
and not inside of the standpipe, and that
the water is forced up on the down stroke
and not on the up stroke. The pump rod
terminates in a solid plunger working
in a chamber at the side of and connected
to the stand pipe. Below this connection, in
the stand pipe, is a valve opening upwards
and above it, another valve also opening
upwards. As the plunger raises, water is
drawn up through the lower valves, and
as it falls, lower valve closes, and water
is forced through the upper valve into
the stand pipe.
In sinking a shaft, the old lift
pump is often retained and placed at
a depth of 300 ft. or less below the
mouth of the shaft, and takes its water

from a tank into which the water is pumped by a
force pump below. For very deep shafts, stations
are put in about every 300 ft. and all usually
of the force pump pattern. The number of
lifts increases the 1st cost and friction, but
permits of greater speed, and more strokes per min.
and on account of lessening of pressure decreases
the wear on the working parts, and permits the
use of thinner piping.
The thickness of the pipes in inches should be for
Cast iron

0.00009 • D • d + 0.34

Wrought66
0.000025 ■D ■d + 0.12
where D = vertical head of water in feet
d = diameter of pipe
in “.
These give for a 10” pipe and 300’ head
for cast iron 0.61”
“ Wrought “ 0.20”
The pump rod is continuous down
the full length of shafts, and the plungers
bolted to it at intervals. The rod is kept
from buckling by guides places in the shaft.
The size of rod is a question of computation and
gradually tapers to the bottom.
As an example that of the Maria Mine
2200 ft. deep for the 1st 780 ft.
tapered from 16” x 32” to 16” x 24”, at

864 ft. it had tapered to 16” x 16”, at 964 feet
to 14” x 14”, and from there on was 12” x 13” to
bottom.
In vertical shafts these rods fall freely by
their own weight, while on slopes they rest on
friction rollers, about 30 ft. apart. In some
cases wire rope is used and these are supported
on shears. Changes in the slope are provided
for by the use of a rocker arm.
This combination is known as the Cornish
Pump. When once placed and regulated it gives
little trouble, but its cost is very great and
it is extremely cumbersome. In this country
a Corliss engine usually furnishes the motive
power.
The rod speed is about 60 ft. per min but
it should be so regulated that no churning
or vibration takes place. Churning is
sometimes due to poor working of the valves
and they should be carefully examined if a
decrease in speed does not remedy the fault.
A Double acting force pump forces
the water up for each stroke, or in
other words, sucks and lifts at the same
time. There are numerous patterns of
these at the market. Among the chief makes

are the Knowles, Deane and Cameron.
One form used to a large extent in
Shaft sinking can be suspended vertically
at any point in the shaft by chains, or hooks,
held by the timbering. The steam piston and
plunger are direct connected by the piston rod.
It is compact in form and the valve is
worked without any rotary motor by cams.
It is often used in shaft sinking or temporary
works to pump the water up to a central
pumping station where all the water is
collected and set to the surface by a large
stationary pump. The pumps do away
with the cumbious rods, walking beam etc
of the Cornish Pump.
Detailed descriptions of these pumps can be
found in the Manufacturers’ catalogues.
For general use and heavy duty the
direct acting steam pump, single or duplex
is coming into rapid use, on account
of low first cost of putting in and the
case with which its capacity is varied, and
also for economy of space. The principal
difficulty is with the exhaust, but condensers
are usually used to take care of this. A
plant complete, can be installed for less than

1/5 of cost of Cornish pump outfit of equal capacity.
They however require constant attention. A plant for
pumping 850 gal. per min. 400 ft. costs in place something
near $15,000.00
If fuel is high and amount of pumping great the compound pump
should be used; and all care possible taken to prevent long power.
Water pressure engines are coming into use where water under
pressure can be stored from some neighboring stream. Reservoirs are
established some 400 to 500 ft above shaft mouth and connected to
the engine. Where engine or pump is direct acting a hydraulic
engine is used; it is able to work under water which a steam
pump cannot do.
Mines having both shaft and tunnel communication with the
surface are naturally situated for the use of hydraulic engines, which may
be placed in the tunnel level, and receive from the surface at shaft mouth
water under high pressure, and discharge it and the water pumped through
the tunnel. This method is employed at the Comstock mines. The operation
and regulation of the valve motion of these pumps is their chief draw back, as it is
very complicated, due to the comparative incompressibility of water.
In regard to the cost of maintenance of a pumping plant, the
1st cost of putting in, the method to be employed, and the expenditure of power to
do the required work, it can only be said that it is impossible to give any
figures, and the engineer in charge would, after taking all points into consideration
such as capital, length of time mine was to be worked, et., have to be
governed by his experience and judgement, and no definite rule can be
laid down.

